Upward-looking sonar (ULS) data were used to analyse ther-4 modynamic sea ice growth. The study was carried out for an ocean region 5 in the central Weddell Sea, for which data of sea ice thickness variability and 6 of the oceanic heat flux through the ice are rare. In the study area the con-7 tribution of sea ice deformation to vertical ice growth is relatively small in 8 some years. This provides the opportunity to simulate thermodynamic sea 9 ice growth considering the influence of a snow cover and of the oceanic heat 10 flux. To this end, a modified version of Stefan's Law was used. The result-11 ing ice thickness variations were then compared with the ULS measurements.
From their position at depths between 100-150 m, the AWI ULS instruments send short 126 sound pulses at 300 kHz toward the ice-covered ocean surface and measure the travel time 127 of the signal. The processing of the ULS data and the retrieval of ice draft is described 128 in detail in the article by Behrendt et al. [2013] . The ice draft is obtained by subtracting
Ice Drift Conditions and Deformation
The local ice thickness is the result of thermodynamic ice growth, of the advection of there is about 16% more ice volume above 1.5 m than in the season before (Fig. 4) . 
272
where T w is the water temperature, T 0 is the snow surface temperature, and λ i and λ s are 273 the thermal conductivities of ice and snow, respectively. To solve this equation analytically 274 one usually assumes that the snow thickness increases linearly with ice thickness: h = rH.
275
The validity of this assumption is discussed below. The analytic solution of equation (3) 276 then is
278
For the absence of snow (r = 0) the equation reduces to the classic solution of Stefan [1891] .
279
Since the snow surface temperature T 0 is usually not known, another possibility is to use the air temperature. The net heat flux between the atmosphere and the snow surface (F a )
281
can then be parameterized by the linear approximation F a = k(T 0 -T a ) [Leppäranta, 1993] .
282
The atmospheric surface temperature (T a ) is taken from measurements at automatic (3) can then be expressed as
292
The analytic solution, using h = rH is
294
This equation is the basis for our estimations of the influence of snow on the observed ice 295 thickness. In the following we provide the values we used for the different constants in 296 equation 6, supplemented by additional information and a sensitivity analysis.
298
The density of sea ice was set to ρ i = 0.92 g cm −3 , which is a typical value for first-year To take into account the fact that some ice detected in the ULS-data at the beginning 339 of freeze-onset may have grown at another location and was advected over the ULS posi-340 tion, we shifted the starting day for the calculated ice thickness backwards by two weeks. and λ s and thus to determine the growth rate and thermal conductivity of the snow cover. (Figs. 5 and 6 ). In September/October (Fig. 5a, weeks 24-27 ULS position for which a characterization by the modal ice thickness is too simplistic.
416
The apparent jump in ice thickness between weeks 26 and 27 may be a result of changing 417 ice drift patterns. In this period the zonal ice drift turned to a more westerly direction,
418
while a strong positive northward drift anomaly occured at the same time (not shown).
419
These changes may have created convergences and divergences in the ice pack. by ±5 cm increases the span of snow thickness in November from 14-26 cm to 12-31 cm.
445
Since, as mentioned above, the observed snow thickness rarely exceeds a value of 10 cm in 446 the central Weddell Sea, a thin snow cover and lower thermal conductivity are more likely. (Fig. 6) . Except for the first month, the mode closely follows the growth 452 of the level ice (Fig. 6b) . The ice grew faster than in 1993-1994 as the growth period (Table 1) . Increasing the 518 mode by 5 cm yields a higher number of possible snow thickness-heat flux combinations. The fit in Figure 8a shows that the observed ice growth can be reasonably well described In our model simulations we assumed that F w in equation (8) 
Discussion
In the central Weddell Sea, the average length of the sea ice growth period amounts to ap- ing events and (6) measurement and/or processing uncertainty. 
Conclusions
We used ice thickness data measured by means of ULS to study thermodynamic sea ice 
628
As demonstrated in our study, the heat flux integrated over large parts of the ice growth 
